Objective. The aim of our study was to evaluate and compare the incidence rate of stoma infection after tracheostomy according to the type of procedure: percutaneous dilatational tracheostomy (PDT) vs surgical tracheostomy (ST) in Neurosurgery Intensive Care Unit (NICU) patients. Material and methods. We performed a single-center observational, retrospective cohort study including patients who underwent tracheostomy during their stay in the NICU at 2200 bed university teaching hospital from October 2012 to December 2015. In total 240 patients were identified, the data from 202 patients (140 males) with median age 60 (19-80) who met the inclusion criteria were used for further analysis. There were 84 patients in PDT group and 118 patients in ST group. Results. The incidence rate of stoma infection was significantly lower in PDT group compared to ST group: 14 (16.7%) vs. 77 (65.3%), p<0.001. The regression analysis showed that the use of ST was associated with an increase in the risk of stoma infection (OR=8.83; 95% CI 4.40-17.71; p<0.001). Conclusion. The incidence rate of stoma infection was significantly higher in ST group compared to PDT group in NICU patients. ST strategy was associated with increased probability for stoma infection compared to PDT.
Introduction
Tracheostomy is a priority procedure for critically ill patients who need long term mechanical ventilation or upper airway protection [1] . Formation of the tracheostomy became a suitable alternative to long term intubation to improve patient's comfort, to reduce the need for sedation and airway resistance [2, 3] . There are two main strategies used for tracheostomy formation: open standard surgical tracheostomy (ST) and bedside percutaneous dilatational tracheostomy (PDT) [4] [5] [6] . PDT is an increasingly popular tracheostomy approach in critically ill adults with a similar intraprocedural safety profile as ST [7, 8] . Many studies compare both strategies in terms of complications rate [7] [8] [9] [10] [11] . However, despite tracheostomy procedure frequency, the strategy of choice is unclear and controversial opinion still exist which method is a better option for special groups of critically ill patients [12, 13] . The data about the complication rate and method of choice for NICU patients are also lacking.
One third of all patients undergo standard open ST or bedside PDT in Neurosurgery Intensive Care Unit (NICU) of Hospital of Lithuanian University of Health Sciences (LUHS) Kauno clinics. Since 2012, when PDT has been implemented in NICU, we noticed that stoma infection has a tendency to develop more in patients with performed standard ST than in patients with performed bedside PDT.
The aim of this study was to identify the incidence rate of stoma infection after tracheostomy according to the type of procedure (PDT versus ST) in NICU patients.
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Material and methods Study design. This is a single-center observational, retrospective cohort study.
Patient population and setting. We performed a retrospective chart review of all 240 patients, who underwent tracheostomy procedure during their stay in 18-bed NICU of LUHS hospital Kauno clinics, a tertiary teaching hospital from October 2012 to December 2015. The study was approved by the Local Bioethics Committee of the Lithuanian University of Health Sciences (BEC-MF-220).
Inclusion and exclusion criteria. Inclusion criteria were: NICU patients with age >18 and ≤80 who needed prolonged mechanical ventilation (for ≥ 10 days). Exclusion criteria were: known infection of tracheostomy site, retracheostomy, patients not connected to mechanical ventilation (MV) before tracheostomy.
Tracheostomy procedures. The decision about tracheostomy for the individual patient was made by the patient management team. All patients were laboratory evaluated and clinically examined by intensive care physician before the procedure. Anatomical limitations of neck (short neck), presence of a pulsatile artery or enlarged thyroid gland over the surgical area, inability to identify the cricoid cartilage were contraindications to perform PDT. If contraindications were detected, open ST using standard approach was performed in operating room by otolaryngologist. If no contraindications were detected, bedside PDT was performed by NICU team led by intensive care doctor. We used single-stage dilator technique without the aid of bronchoscope and a standardized equipment (Ultra perc., Smiths Medical International Ltd). After PDT a chest Xray to check for tube position was done.
Outcome measures. We measured the following baseline characteristics: age, gender, cause of hospitalization, time to tracheostomy, type of tracheostomy, duration of mechanical ventilation after tracheostomy procedure, overall duration of mechanical ventilation, infections before tracheostomy procedure (pneumonia, urinary tract infection and sepsis) and length of stay in the hospital.
To detect stoma infection, patients records were evaluated for local signs of infection, clinical symptoms (fever), laboratory (C-reactive protein, complete blood count, wound culture if was done) and diagnostic tests reports (CT scan of neck if was done). Stoma site infection was defined according to Center for Disease Control and Prevention (CDC) surgical site infection (SSI) criteria [14] .
We also evaluated other complications of tracheostomy procedure including bleeding, pneumothorax, gastric aspiration, false route, subcutaneous emphysema.
Statistical analysis. 
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were used for analysis where appropriate. Binary logistic regression was performed to test associations of clinical data with stoma infection. A statistical difference was considered significant at the level of p < 0.05.
Results

Patients' characteristics.
A total of 240 patients were identified. The data from 202 patients who met the inclusion criteria were used for further analysis. There were 84 patients in PDT group and 118 patients in ST group (Fig.1 ). Groups were comparable according to age, rate of infections before tracheostomy, and time to tracheostomy. An overall duration of mechanical ventilation, the duration of mechanical ventilation after tracheostomy and hospital stay after tracheostomy did not differ between PDT and ST. (Table 1) .
PDT is associated with lower risk for stoma infection. Overall, the incidence rate of stoma infection was significantly lower in PDT group 14 (16.7%) vs. 77 (65.3%), p<0.001 (Fig.2) . We performed the logistic regression adjusting for age, sex, cause of hospitalization, tracheostomy strategy and timing of the procedure to calculate odds ratio to illustrate the associations between tracheostomy strategy and stoma infection. We found that ST strategy increased stoma infection probability by 8.83 (p<0.001) ( Table 2) .
PDT and ST are comparable in terms of procedure related complications. All other complications during PDT and ST procedures are presented in Table 3 . False route was defined as paratracheal insertion of tracheostomy tube. Bleeding was counted only obviously clinically relevant that required surgical exploration, suture ligation and electrocauterization rather than bleeding that resolved spontaneously or with simple pressure. Gastric aspiration was considered when gastric contents were aspirated from trachea during the procedure.
Discussion
The purpose of this study was to identify and compare the presence of stoma infection after tracheostomy according to the type of procedure (PDT vs ST) in the NICU patients. Our results showed that the surgical strategy of tracheostomy presented with an increased rate of stoma infection.
The lower rate of stoma infection with PDT strategy compliances the findings of previous studies [7, [9] [10] [11] . A meta-analysis performed in 2006 by Delaney et al. involved 17 randomized controlled trials with 1212 patients reported a significant reduction in the odds ratio for stoma infection when tracheostomy was performed using the PDT compared with the ST strategy (OR=0.28; 95% CI 0.16 to 0.49, p<0.0005) [7] . A meta-analysis performed a year later by Higgins and Punthakee also agreed with less wound infections in percutaneous techniques than in open surgical technique. They concluded that there was no clear difference between two strategies but a trend toward fewer complications was in percutaneous techniques compared to open tracheostomy [10] . There was appointed a considerable heterogeneity in the stoma infection definition between studies, however an apparent tendency for less infections were seen in PDT strategy. A prospective single-institutional study performed in 2013 by Park et al. involved 640 critically injured trauma patients treated in the ICU over eight years used the same stoma infection definition as in our study and concluded that patients who underwent percutaneous tracheostomy had a statistically significantly lower rate of stoma infection (3.4%) than the open surgery group (7%) [9] . None of these studies was specific for NICU patients.
A lower rate of stoma infection in PDT group could be explained with minimally invasive technique, a very small skin incision and blunt dissection which reduces the area available for bacterial colonization and preserves immune functions due to minimized local tissue trauma. PDT also has a tighter fit between cannula and the surrounding tissues [15, 16] . The incidence rate of stoma infection highly varies between the studies [7, 9, 10] . Compared to other studies, we found high numbers of stoma infection in both groups: 16.7% in PDT group and 65.3% in ST group. Heterogeneity of patients with different severity of critical illness and comorbidities between the studies, different time of tracheostomy procedure (early vs late) and an absence of universal stoma infection definition could be an explanation [7, 9, [17] [18] [19] . Park et al. using similar wound infection definition found lower incidence rate of stoma infection in both groups (3.4% in PDT group versus 7% in ST group) because the study patients were younger (mean age of 43.2 years) and belonged to a single pathology group compared with our patients [9] .
Study limitations. We declare several potential limitations of our study. Firstly, a retrospective study is inevitably associated with selection bias as patients with anatomical difficulties, were more likely to choose for ST and patients with minimal intraprocedural risks were chosen for PDT. Secondly, we could not control data about complications and outcomes assessment but instead of that we need to rely on others for accurate records registration. Compared with previously published studies with a variety of stoma infection definitions, we minimized bias and used widely accepted precise SSI definition.
To our knowledge, this is the first study providing the incidence rate of stoma infection according to tracheostomy strategy among NICU patients in Lithuania. We plan prospective study for NICU patients to avoid patient bias and to make PDT more feasible.
Conclusions
1.
The incidence rate of stoma infection was significantly higher in ST group compared to PDT group in NICU patients.
2. ST strategy was associated with increased probability for stoma infection compared to PDT.
3. Based on these results, we conclude that PDT at the patients' bedside could be a favourable strategy with similar clinical outcomes to perform tracheostomy for the most NICU patients. 
